
SYNTHETIC PAPER WITH EXCELLENT PRINT ABILITY 

FIELD OF THE INVENTION 

The present invention relates to synthetic paper made 
of stretched polypropylene resin film with excellent 
antistatic properties and offset printability . 

BACKGROUND OF THE INVENTION 

Polypropylene resin films have hitherto been used in 
applications such as various wrapping films (see JP-A-54- 
99180; the term "JP-A" as used herein means an "unexamined 
published Japanese patent application" ) and synthetic papers 
(see US-A-4318950, JP-B-63-25613 , and JP-A-5-57110; the term 
"JP-B" as used herein means an "examined Japanese patent 
publication") because they are inexpensive and excellent in 
water and chemical resistance. 

For use as synthetic papers, polypropylene resin 
films are required not only to possess improved antistatic 
properties so as to have satisfactory suitability for paper 
feeding and discharge (suitability for film feeding), but 
also to be printable by gravure printing, offset printing, 
flexography, etc. 

Known techniques for imparting antistatic properties 
to polypropylene resin films include: a method comprising 
mixing a film base resin with a low-molecular weight 
antistatic agent of the kneading type, e.g., sorbitan 
monooleate or glycerol monostearate , and then kneading the 
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mixture and extruding into a film; and a method comprising 
coating the surface of a film with a low-molecular weight 
antistatic agent of the coating type, e.g., a poly(oxy- 
ethylene) derivative, and then drying the coating. These 
methods have been put to practical use. 

However, the former method has a drawback that the 
antistatic properties do not last for long and there is a 
desire in the market for an improvement in this respect. The 
latter method has drawbacks in that the film loses its 
antistatic effect upon contact with water during use because 
the antistatic agent coated on the film surface is removed by 
the water and the period over which the film retains its 
antistatic properties is shorter than in the film produced 
using an antistatic agent of the kneading type. In addition, 
4^ both methods have a further drawback in that the films 

SI produced cannot be used in offset printing or flexography, 

although printable by gravure printing. 

It has therefore been proposed to use a high- 
molecular weight permanent antistatic agent of the kneading 
type in order to prolong the period over which the antistatic 
properties last. 

For example, in EP-A-613919 a resin composition is 
proposed which comprises from 55 to 90% by weight poly- 
propylene resin (component A), from 5 to 40% by weight 
polyetheresteramide containing aromatic rings (component B) 
which is derived from a polyamide having a number-average 
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molecular weight of from 200 to 5,000 and containing a 
carboxyl group at each end (component bl ) and an alkylene 
oxide adduct of bisphenol having a number-average molecular 
weight of from 300 to 5,000 (component b2 ) , from 3 to 20% by 
weight polyamide resin (component C) f and from 1 to 20% by 
weight at least one modified low-molecular weight poly- 
propylene (component D) selected from the following component 
dl to component d3 . 

Component dl : a modified low-molecular weight poly- 
propylene having a number- average -molecular weight of from 
800 to 25,000 and an acid value of from 5 to 150. 

Component d2: a modified low-molecular weight 
polypropylene having a number -average molecular weight of 
from 800 to 25,000 and a hydroxyl value of from 5 to 150. 

Component d3 : a modified low-molecular weight 
polypropylene obtained by partly or wholly esterifying 
component dl with a polyoxyalkylene compound and having a 
number-average molecular weight of from 1,000 to 28,000. 

The above resin composition has the advantages that 
its antistatic properties last over a satisfactorily 
prolonged period, and that gravure ink adhesion thereto is 
excellent because it contains polymers having polar groups 
(components B, C, and D) . However, it has the drawback that 
it cannot be printed by offset printing or flexography. 

On the other hand, with respect to an antistatic 
agent of the coating type, it has been proposed to use a 
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blend of a high-molecular weight acrylic resin antistatic 
agent with a primer such as a polyethyleneimine or a 
polyamine-polyamide epichlorohydrin adduct (see US-A-466 3216 ) 
to not only attain satisfactory adhesion to a polypropylene 
resin film to thereby prolong the period over which 
antistatic properties are retained but also enable multicolor 
offset printing. 

However, the film produced by the above prior art 
technique is still insufficient in the long-term retention of 
antistatic properties and is therefore unsatisfactory for 
practical use. 

SUMMARY OF THE INVENTION 



* As a result of intensive studies made by the present 

u 

2 inventors in view of the problems described above, it has 

*^ been found that stretching a resin film comprising, as a base 

SJ material, resin components A, B, C, D and E as described 

below and oxidizing the stretched film by corona discharge 
treatment, plasma treatment, or the like, are effective in 
rapidly imparting antistatic properties to the film and also 
in improving printing ink adhesion thereon because the 
stretching and oxidation generate ultrafine cracks on the 
surface of the oriented polypropylene crystals in the film 
matrix and a permanent antistatic agent incorporated into the 
film through kneading appears easily on the surface of the 
film. The present invention is based on this finding. 

The synthetic paper, having excellent printability , 
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of the present invention comprises a film obtained by 
oxidizing the surface of a film obtained by stretching a 
resin film comprising as the base material a resin 
composition comprising 

100 parts by weight of resin components comprising 

component A: a polypropylene resin 55-90 wt% 

component B: a polyetheresteramide containing aromatic 
rings which is derived from 
component bl : a polyamide having a number-average 

molecular weight of from 200 to 5,000 
fjj and containing a carboxyl group at 

each end 

component b2 : an alkylene oxide adduct of bisphenol 
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having a number -average molecular 
■P weight of from 3 00 to 5,000 

SI 5-40 wt% 

component C: a polyamide resin 3-20 wt% 

and 

component D: at least one modified low-molecular 

weight polypropylene selected from the 
following components dl to d3 

1-20 wt% 

component dl; an acid modified low-molecular weight 

polypropylene having a number- average 
molecular weight of from 800 to 
25,000 and an acid value of from 5 to 
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component d2: a hydroxy modified low-molecular 

weight polypropylene having a number- 
average molecular weight of from 800 
to 25,000 and a hydroxyl value of 
from 5 to 150, 

component d3: an ester modified low-molecular 

weight polypropylene obtained by 
partly or wholly esterifying 
component dl with a polyoxyalkylene 
compound and having a number -average 
molecular weight of from 1,000 to 
28,000, 

the total amount of all resin components being 100 wt%, 

and 

from 10 to 250 parts by weight of 

component E: fine inorganic particles, 
said stretching being conducted at a temperature lower than 
the melting point of the polypropylene resin as component A. 

The stretching of a film of a polypropylene resin 
comprising, as a base material, resin components A, B, C, D 
and E as described above orientates polypropylene crystals in 
the polypropylene film matrix. Upon oxidation of the surface 
of the oriented film by corona discharge treatment, plasma 
treatment, or the like, the film develops ultrafine cracks on 
the surface thereof . This facilitates the appearance of the 



permanent antistatic agent as component B on the film surface 
to not only rapidly impart antistatic properties to the film, 
but also improve printing ink adhesion thereon. 

DETAILED DESCRIPTION OF THE INVENTION 
[I] Base Material Resin 
( 1 ) Components 

The resin components for use as the base material of 
the synthetic paper, having excellent printability , of the 
present invention comprises the following components A to D. 
(a) Polypropylene Resin (Component A) 

Examples of the polypropylene resin for use as 
component A include propylene homopolymer and copolymers 
(random or block) of propylene and one or more other ct- 
olefins having 2 or 4 to 12 carbon atoms. Examples of such 
other ot-olefins include ethylene, 1-butene, 1-pentene, 4- 
methyl-l-pentene, 1-octene, 1-decene, and 1-dodecene. 

The polypropylene resin as component A has 
crystallinity . The polypropylene resin preferably has a 
degree of crystallinity of usually from 20 to 75%, in 
particular 35% or higher. Amorphous polypropylene resins 
having no crystallinity are undesirable in that a surface 
oxidation treatment brings about neither a sufficient 
improvement in printability nor rapid impartation of 
sufficient antistatic properties . The degree of crystal- 
linity can be determined by X-ray dif f ractometry , infrared 
spectroscopy and the like. 



The polypropylene resin used as component A has a 
melt flow rate (MFR) of usually from 0.5 to 150 g/10 rain, 
preferably from 1 to 100 g/10 min. The melt flow rate (MFR) 
thereof can be measured in accordance with ASTM D1238 
(temperature 230 °C, load 2.16 kg-f). 

The content of component A in all base material resin 
components in the present invention is usually from 55 to 90% 
by weight, preferably from 6 0 to 85% by weight. If the 
content of component A is lower than the lower limit 
specified above, the resin film obtained has insufficient 
mechanical strength and poor water resistance. If the 
content thereof exceeds the upper limit, antistatic 
properties and offset printability are reduced, 
(b) Polyetheresteramide Containing Aromatic Rings 
( Component B ) 

Polyetheresteramide containing aromatic rings 
(permanent antistatic agent) is obtained by reacting 
polyamide having a carboxyl group at each end ( i ) and 
alkylene oxide adduct of bisphenol (ii). 

(i) Polyamide Having a Carboxyl Group at Each End 

(Component bl ) 

The polyamide having a carboxyl group at each end is 
any of ( 1 ) a polymer yielded by the ring-opening polymer- 
ization of a lactam, (2) an aminocarboxylic acid poly- 
condensate, and (3) a dicarboxylic acid/diamine poly- 
condensate which are obtained by subjecting one or more 



amide-forming monomers to ring-opening polymerization or 
polycondensation in a conventional manner in the presence of 
a dicarboxylic acid component having from 4 to 20 carbon 
atoms as a modifier of molecular weight. 

Examples of the lactam which forms the polymer ( 1 ) 
through ring-opening polymerization of lactam include 
caprolactam, enantholactam, laurolactam, and undecanolactam. 

Examples of the aminocarboxylic acid which forms the 
aminocarboxylic acid polycondensate (2) given above include 
w-aminocaproic acid, w-aminoenanthic acid, w-aminocaprylic 
acid, u-aminopelargonic acid, w-aminocapric acid, 11-amino- 
undecanoic acid, and 12-aminododecanoic acid. 

Examples of the dicarboxylic acid which reacts with a 
diamine to form the polycondensate (3) given above include 
adipic acid, azelaic acid, sebacic acid, undecanedioic acid, 
dodecanedioic acid, and isophthalic acid. Examples of the 
diamine include hexamethylenediamine, heptamethylenediamine, 
octamethylenediamine, and decamethylenediamine . 

A combination of two or more of the amide-forming 
monomers enumerated above may be used . Preferred of those 
are caprolactam, laurolactam, 12-aminododecanoic acid, and a 
combination of adipic acid and hexamethylenediamine. 
Especially preferred are caprolactam and 12-aminododecanoic 
acid . 

Examples of the dicarboxylic acid having 4 to 20 
carbon atoms include aliphatic dicarboxylic acids such as 



succinic acid, glutaric acid, adipic acid, pimelic acid, 
suberic acid, azelaic acid, sebacic acid, undecanedioic acid, 
and dodecanedioic acid; aromatic dicarboxylic acids such as 
terephthalic acid, isophthalic acid, phthalic acid, and 
naphthalenedicarboxylic acid; alicyclic dicarboxylic acids 
such as 1 , 4-cyclohexanedicarboxylic acid and dicyclohexyl- 
4 , 4-dicarboxylic acid; and alkali metal salts of 3-sulf o- 
isophthalic acid, such as sodium 3-sulf oisophthalate and 
potassium 3-sulf oisophthalate . Preferred of these are the 
alicyclic dicarboxylic acids, the aromatic dicarboxylic 
acids, and the alkali metal salts of 3-sulf oisophthalic acid. 
Especially preferred are adipic acid, sebacic acid, tere- 
phthalic acid, isophthalic acid, and sodium 3-sulfoiso- 
phthalate . 

The number-average molecular weight of the polyamide 
having a carboxyl group at each end (component bl ) described 
above is from 200 to 5,00 0, preferably from 5 00 to 3,000. If 
the number-average molecular weight of the polyamide 
(component bl ) is lower than the lower limit specified above, 
the resulting polyetheresteramide itself has reduced heat 
resistance. If the number- average molecular weight thereof 
exceeds the upper limit, much time is reguired for polyether- 
esteramide production because such polyamide has reduced 
reactivity . 

(ii) Alkylene Oxide Adduct of Bisphenol (Component b2 ) 
Alkylene oxide adduct of bisphenol is obtained by 



reacting bisphenol and alkylene oxide. 

Examples of the bisphenols include bisphenol A (4,4'- 
dihydroxydiphenyl-2 , 2-propane ) , bisphenol F ( 4 , 4 ' -dihydroxy- 
diphenylmethane ) , bisphenol S (4,4' -dihydroxydiphenyl 
sulfone) , and 4 , 4 ' -dihydroxydiphenyl-2 , 2-butane . Especially 
preferred of these is bisphenol A. 

Examples of the alkylene oxide include ethylene 
oxide, propylene oxide, 1,2- or 1,4-butylene oxide, and 
mixtures of two or more thereof . Preferred of these is 
ethylene oxide . 

The number- average molecular weight of the alkylene 
oxide adduct of bisphenol as component b2 described above is 
usually from 300 to 5,000, preferably from 1,000 to 3,000. 

If the number-average molecular weight of component 
b2 is lower than the lower limit specified above, antistatic 
properties are insufficient. If the number-average molecular 
weight thereof exceeds the upper limit, much time is required 
for polyetheresteramide production because such component b2 
has reduced reactivity. 

The content of the alkylene oxide adduct of bisphenol 
as component b2 in the aromatic-ring-containing polyether- 
esteramide (component B) is usually from 20 to 8 0% by weight, 
preferably from 25 to 75% by weight, based on the total 
amount of components bl and b2. 

Contents of component b2 lower than the lower limit 
specified above are undesirable in that component B has poor 
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antistatic properties . Contents thereof exceeding the upper 
limit are undesirable in that component B itself has reduced 
heat resistance. 

Processes for producing the aromatic-ring-containing 
polyetheresteramide (component B) are not particularly- 
limited. Examples thereof include the following processes 
( 1 ) and ( 2 ) . 

Process (1): An amide-forming monomer is reacted with 
g a dicarboxylic acid having 4 to 20 carbon atoms to form a 

jjj polyamide having a carboxyl group at each end as component 

bl . An alkylene oxide adduct of bisphenol as component b2 is 
D added to the polyamide, and these components are polymerized 

* at a high temperature and a reduced pressure to produce 

U1 component B . 

,p Process ( 2 ) : An amide-forming monomer is introduced 

%j into a reaction vessel simultaneously with a dicarboxylic 

acid having 4 to 20 carbon atoms and an alkylene oxide adduct 
of bisphenol as component b2 . The reactants are reacted in 
the presence or absence of water at a high temperature with 
pressurizing to thereby yield a polyamide having a carboxyl 
group at each end, component bl , as an intermediate. 
Thereafter, the polyamide having a carboxyl group at each end 
as component bl is polymerized with the alkylene oxide adduct 
of bisphenol as component b2 under a reduced pressure to 
produce the component B . 

In the above polymerization reactions, known 
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esterif ication catalysts are generally used. Examples of the 
catalysts include antimony catalysts such as antimony 
trioxide, tin catalysts such as monobutyltin oxide, titanium 
catalysts such as tetrabutyl titanate, and metal acetate 
catalysts such as zinc acetate- The amount of these 
esterif ication catalysts employed is usually from 0.1 to 5% 
by weight based on the total amount of components bl and b2 . 

The aromatic-ring-containing polyetheresteramide 
(component B) is not particularly limited in its reduced 
viscosity (ti sp /C) { ASTM-D2 857-93 ) (0.5 wt% m-cresol solution, 
25°C). However, the reduced viscosity thereof is usually 
from 0.5 to 4.0, preferably from 0.6 to 3.0. If the reduced 
viscosity thereof is lower than the lower limit specified 
above, heat resistance is poor. If the reduced viscosity 
thereof exceeds the upper limit, moldability tends to be 
reduced . 

The content of the polyetheresteramide having 
aromatic rings (component B) in all base material resin 
components in the present invention is usually from 5 to 4 0% 
by weight, preferably from 5 to 30% by weight. If the 
content of component B is lower than the lower limit 
specified above, antistatic properties of resin film are 
insufficient. If the content thereof exceeds the upper 
limit, mechanical strength of resin film is reduced, 
(c) Polyamide Resin (Component C) 

Examples of the polyamide resin for use as component 



C include ( 1 ) polymers obtained by the ring-opening 
polymerization of lactams, (2) polycondensates of amino- 
carboxylic acid, and (3) polycondensates of dicarboxylic acid 
and diamine. 

Specific examples thereof include nylon 66, nylon 69, 
nylon 610, nylon 612, nylon 6, nylon 11, nylon 12, and nylon 
46. Also usable are copolyamides such as nylon 6/66, nylon 
6/10, nylon 6/12, and nylon 6/66/12. Examples of component C 
further include aromatic-containing polyamides obtained from 
an aromatic dicarboxylic acid, e.g., terephthalic acid or 
isophthalic acid, and either m-xylenediamine or an aliphatic 
diamine . 

Especially preferred of these are nylon 66, nylon 6, 
and nylon 12. 

The polyamide resin used as component C desirably has 
a reduced viscosity (97% sulfuric acid, concentration 1 g/100 
ml, 30°C) of usually from 0.8 to 5, preferably from 1 to 4 . 
If the reduced viscosity thereof is lower than the lower 
limit specified above, heat resistance tends to be impaired. 
If the reduced viscosity thereof exceeds the upper limit, 
moldability tends to be reduced. 

The content of the polyamide resin as component C in 
all base material resin components in the present invention 
is usually from 3 to 2 0% by weight, preferably from 3 to 15% 
by weight. If the content of component C is lower than the 
lower limit specified above, antistatic properties are 



insufficient. If the content thereof exceeds the upper 
limit, moldability into film is reduced, 
(d) Modified Low-molecular Weight Polypropylene 
( Component D ) 

The modified low-molecular weight polypropylene for 
use as component D is a component capable of functioning to 
compatibilize the polypropylene resin as component A with the 
aromatic-ring-containing polyetheresteramide as component B 
(permanent antistatic agent) and the polyamide resin as 
component C. This modified low-molecular weight poly- 
propylene (component D) is at least one member selected from 
the following components dl to d3. 

Component dl : an acid modified low-molecular weight 
polypropylene having a number- average molecular weight, 
usually from 800 to 25,000, preferably from 1,000 to 20,000, 
and an acid value of usually from 5 to 150, preferably from 
10 to 100. 

Component d2: a hydroxy modified low-molecular weight 
polypropylene having a number -average molecular weight of 
from 800 to 25,000 and a hydroxyl value of from 5 to 150, 
preferably from 10 to 100. 

Component d3 : an ester modified low-molecular weight 
polypropylene obtained by partly or wholly esterifying 
component dl with a polyoxyalkylene compound and having a 
number-average molecular weight usually from 1,000 to 28,000, 
preferably from 1,200 to 25,000. 



Component: dl 

The modified low-molecular weight polypropylene as 

component dl can be obtained by modifying a low-molecular 

weight polypropylene having a number -average molecular weight 

of from 700 to 20,000 produced by polymerization or by the 

thermal degradation of a high-molecular weight polypropylene. 

Specifically, this modification is accomplished by reacting 

the unmodified low-molecular weight polypropylene with an 

2 ot, J3-unsaturated carboxylic acid and/or its anhydride by the 

OS solution or melt method if desired in the presence of an 

organic peroxide. From the standpoint of easiness of mOdifi- 
ijJ 

J=j cation, the low-molecular weight polypropylene obtained by 

U i 

e thermal degradation can be produced, for example, by the 

O 

IH method described in JP-A-3-62804 . 

4^ Examples of the ot, ^-unsaturated carboxylic acid 

%| and/or its anhydride for use in the modification include 

acrylic acid, methacrylic acid, maleic acid, maleic 
anhydride, fumaric acid, itaconic acid, itaconic anhydride, 
and citraconic anhydride. Especially preferred of these is 
maleic anhydride . 

The amount of these modifiers used for the modifi- 
cation is usually from 1 to 25% by weight, preferably from 3 
to 20% by weight, based on the amount of the low-molecular 
weight polypropylene . 

If the number -average molecular weight of the thus- 
obtained component dl is lower than the lower limit specified 
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above, heat resistance is poor. If the number-average 
molecular weight thereof exceeds the upper limit, the 
compatibilizing effect thereof is insufficient, so that 
mechanical properties of resin film are poor. 

If the acid value of component dl is lower than the 
lower limit specified above, the compatibilizing effect 
thereof is insufficient. If the acid value thereof exceeds 
the upper limit, the component has an impaired hue, and a 
resulting resin film is undesirably colored. 
Component d2 

Component d2 can be obtained by secondarily modifying 
component dl with an alkanolamine . Examples of the alkanol- 
amine include monomethanolamine , monoisopropanolamine, 
diethanolamine, and diisopropanolamine . Especially preferred 
of these is monomethanolamine. 

If the number-average molecular weight of the thus- 
obtained component d2 is lower than the lower limit specified 
above, the results are impaired suitability for paper feeding 
and discharge and impaired heat resistance. If the number- 
average molecular weight thereof exceeds the upper limit, 
compatibility among resins is impaired. 

If the hydroxyl value of component d2 is lower than 
the lower limit specified above, compatibility among resins 
is impaired. If the hydroxyl value thereof exceeds the upper 
limit, print quality tends to be influenced by humidity. 



Component d3 

Component d3 can be obtained by partly or wholly 
esterifying the carboxylic acid or carboxylic anhydride units 
of component dl with a polyoxyalkylene compound. 

Examples of the polyoxyalkylene compound include 
glycol having a hydroxyl group at each end, such as poly- 
ethylene glycol and polypropylene glycol, and compounds 
derived from the glycol by replacing the hydroxyl groups with 
amino or epoxy groups. Examples thereof further include 

■A? 

5 polyoxyalkylene compounds basically having a hydroxyl group 

y i 

*jj at one end and obtained by causing a compound having active 

S hydrogen such as an alcohol (e.g., methanol, ethanol, 

y s 

butanol, octanol, lauryl alcohol, or 2-ethylhexyl alcohol) or 
(J! a phenol (e.g., phenol, an alkylphenol, naphthol , phenyl - 

£ phenol, or benzylphenol ) to add an alkylene oxide. 

SJ These polyoxyalkylene compounds (component d3) have a 

molecular weight of usually from 300 to 5,000. The degree of 
esterif ication thereof is preferred that from 10 to 100 mol% 
of the carboxylic acid or carboxylic anhydride units of 
component dl have been esterif led. 

If the number -average molecular weight of component 
d3 is lower than the lower limit, heat resistance of resin 
film is reduced. If the number-average molecular weight 
thereof exceeds the upper limit, the compatibilizing effect 
thereof is insufficient. 

A combination of two or more of the modified low- 
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molecular weight polypropylenes as components dl to d3 
described above may be used. Also usable is a modified low- 
molecular weight polypropylene having carboxyl, hydroxyl, and 
polyoxyalkylene groups in one molecule. 

The content of component D in all base material resin 
components in the present invention is usually from 1 to 20% 
by weight, preferably from 3 to 15% by weight. 

If the content of component D is lower than the lower 
limit specified above, the compatibilizing effect is lessened 
and phase separation between resins is apt to occur. If the 
content thereof exceeds the upper limit, a resulting film has 
reduced strength . 

(e) Fine Inorganic Particles (Component E) 

For the purpose of imparting suitability for writing 
with pencil and opaqueness to a film, fine inorganic 
particles (component E) having an average particle diameter 
of from 0.01 to 15 urn, preferably from 0.1 to 5 um, are 
incorporated in an amount of from 10 to 250 parts by weight 
per 100 parts by weight of the resin components. 

By incorporating the fine inorganic particles, print- 
ability of the film can be improved. 

Examples of the fine inorganic particles include 
extender pigments such as calcium carbonate, calcined clay, 
silica, diatomaceous earth, talc, titanium oxide, and barium 
sulfate and printability improvers such as lithium chloride, 
potassium chloride, magnesium chloride, calcium chloride, 



Ul 

m 



sodium bromide, potassium bromide, and magnesium bromide. 
Preferred of these from the standpoint of the drying of 
offset inks is calcium carbonate. 

A printability improver, such as selected from alkali 
metal halides and alkaline earth metal halides , is desirably 
used in combination with an extender pigment in an amount of 
from 0.01 to 2 parts by weight per 100 parts by weight of the 
resin components. 

(f) Optional Components (Component F ) 

Incorporation of a nonionic, anionic, cationic, or 
amphoteric surfactant (component F) into the base material 
S resin components is effective in further improving antistatic 

t properties. 

Ul Any desired other known additives for resins may be 

£ added to the base material resin components of the synthetic 

SJ paper of the present invention according to various uses, as 

long as these optional components do not adversely influence 
the properties of the resin components . Examples of such 
additives include dyes, nucleating agents, lubricants, 
plasticiEers , release agents, antioxidants, flame retardants, 
and ultraviolet absorbers . 
(2) Film Molding (Stretched Resin Film) 

The stretched resin film is obtained by mixing and 
kneading resins comprising components A, B, C, and D with 
fine inorganic particles, melt-extruding the resulting resin 
composition into a film, and then stretching the extrudate 
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with an ordinary uni- or biaxially stretching machine either 
uniaxially from 3 to 8 times or biaxially from 10 to 6 0 times 
in terms of areal ratio at a temperature lower than the 
melting point of the polypropylene resin. 

Examples of the stretching means include tenters , 
mandrels, and pressure rolls. 

Within the film thus stretched with the stretching 
machine, the resins are in an oriented state. Since the film 
contains fine inorganic particles, microvoids are formed 
inside the film by stretching and the resulting film is 
opacified. The fine inorganic particles incorporated also 
cause the film surface to develop microcracks to thereby 
improve ink adhesion. 

The void content of the stretched film may be 
calculated using the following equation (1): 



Void content (%) = — - x 100 (1) 

P o 

p Q : density of unstretched film 
p: density of stretched film. 

Further, the permanent antistatic agent (component 
B), polyamide resin (component C), modified low-molecular 
weight polypropylene resin (component D), and other 
components dispersed in the matrix comprising the poly- 
propylene resin (component A) are elongated by the stretching 
into long particles (islands) or particles in Rugby ball 
form. As a result, the distance among the resulting islands 
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of the permanent antistatic agent is reduced, and this 
results in satisfactory antistatic properties. 

Since the distance among islands of the permanent 
antistatic agent is short, the stretched film comes to have 
improved offset ink adhesion through a surface treatment. 

Further, when the fine inorganic particles are 
incorporated into the polypropylene resin (component A), 
because the fine inorganic particles are added in such a 
manner that part of the polypropylene resin is removed and 
the fine inorganic particles are therefor replenished, the 
concentration of the islands of the antistatic agent 
(component B) in the polypropylene resin (component A) is 
heightened, whereby the distance among the antistatic agent 



U1 islands is reduced further. As a result, the effect of 

*p occurrence of antistatic properties and ink adhesion are 

Sj further improved . 

Namely, the same level of antistatic properties and 
the same level of ink adhesion can be obtained using a 
smaller amount of antistatic and other components which are 
more expensive than the polypropylene resin. Consequently, 
the stretched resin film has an advantage of low production 
cost . 

The stretched resin film, when used alone as a 
synthetic paper, generally has a thickness of from 8 to 300 
urn, preferably from 12 to 150 urn. The stretched resin film 
may be laminated with another resin layer to form a synthetic 
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paper. In this case, the surface layers of the laminate each 
is constituted of the stretched resin film. The thickness of 
each stretched resin film according to the present invention 
in the laminate is preferably at least 5 um from the stand- 
point of long-term retention of the antistatic agent. 

In the laminate, the thickness of surface layer 
consisting of the stretched resin film of the present 
invention is from 5 to 5 0 um, preferably from 5 to 30 um, and 
the total thickness of the laminate is from 8 to 300 um, 
preferably from 12 to 15 0 um. 
( 3 ) Oxidation Treatment 

The surface of the stretched film is oxidized for the 
^ purposes of imparting offset printability and screen print- 

U1 ability and rapidly imparting antistatic properties. 

Bp The oxidation can be accomplished by a general 

surface treatment. Examples thereof include corona discharge 
treatment, flame-plasma treatment, flame treatment, glow 
discharge treatment, and ozone treatment. Especially 
preferred of these are corona discharge treatment performed 
in an amount of from 20 to 500 W/min»m 2 and flame-plasma 
treatment performed in an amount of from 10 to 1,000 kcal, 
because these treatments are more effective in imparting 
printing ink adhesion and antistatic properties . 

The present invention will be explained below in more 
detail by reference to the Examples . 



- 23 - 



[I] Evaluation Methods 

Synthetic papers comprising stretched films were 
evaluated by the following methods. 
( 1 ) Surface Resistivity 

(a) The surface resistivity of a film obtained 
through molding was measured in a 20 °C atmosphere having a 
relative humidity of 50% without subjecting the film to any 
treatment with a surface resistivity meter "HIRESTA MODEL HT- 
2 250" manufactured by Dia Instrument Co., Ltd. 

jjj (b) A film obtained through molding was cleaned with 

*2 an aqueous solution of a detergent ( "Mama -Lemon " , manufac- 

^ tured by Lion Corp.), subsequently sufficiently washed with 

bl 

^ ion-exchanged water, and then dried, following which its 

u 

1/1 surface resistivity was measured under the same conditions as 

JS in ( a ) above . 

M (2) Offset Printability 

A film obtained through molding was cut into 5 00 
sheets (wide 636 mm, length 469 mm) . These sheets were 
subjected to offset printing using an offset press (Dia 1F-2, 
manufactured by Mitsubishi Heavy Industries, Ltd.) in a 20°C 
atmosphere having a relative humidity of 50%. 
Evaluation of Ink Adhesion 

A pressure-sensitive adhesive tape ( "Cellophane 
Tape", trademark manufactured by Nichiban Co., Ltd.) was 
applied to the ink surface of the sheet which had undergone 
offset printing. After being sufficiently pressed against 
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the sample, the tape was stripped at a constant speed and 
angle. How the ink was peeled away was judged based on the 
following criteria. 

®: The ink remained unpeeled. 

O: Ink peeling occurred, but the peeling was too slight 
to pose a problem in practical use. 

a : The ink was peeled almost completely to pose a problem 
in practical use, although the peeling force required was not 
so weak . 

x: All the ink was peeled with very weak peeling force 
and was incapable of practical use. 

Evaluation of Suitability for Paper Feeding/Discharge 

Five hundred sheets of the film were subjected to 
continuous printing, and the suitability for paper feeding/- 
discharge was evaluated based on the number of printing stops 
caused by paper feeding/discharge troubles. The criteria 
used are as follows. 
®: No stops. 

O: The number of stops was 1 . 

a : The number of stops was 2-5 . 

x: The number of stops was 6 or larger. 

(3) Gloss was measured in accordance with JIS P-8142 (75 
degrees ) . 

(4) Opaqueness was measured in accordance with JIS P-8138. 



[II] Experiment Examples 

[Production of Polyetheresteramides Containing Aromatic Rings 
( Component B ) ] 

PRODUCTION EXAMPLE 1 
Into a stainless-steel autoclave having a capacity of 
3 liters were introduced 112 parts by weight of e-capro- 
lactam, 105 parts by weight of an ethylene oxide adduct of 
bisphenol A having a number-average molecular weight of 
1,000, 15 parts by weight of adipic acid, 0.3 part by weight 
of "Irganox 1010" (antioxidant manufactured by Ciba-Geigy 
Ltd., trademark), 0.5 part by weight of zirconyl acetate, and 
7 parts by weight of water. After the atmosphere in the 
autoclave was replaced with nitrogen gas, the autoclave was 
closed and the contents were stirred at a temperature of 
220°C and an elevated pressure for 1.5 hours to obtain a 
homogeneous solution. Polymerization was then conducted at 
245 °C and a reduced pressure of 1 mmHg or lower for 3.5 hours 
to obtain a viscous polymer. 

This polymer was taken out of the autoclave, placed 
in the form of a strand on a belt, and then pelletized to 
obtain a polyetheresteramide . 

The obtained polymer had a reduced viscosity (n ap /C, 
m-cresol solvent, 25 °C, C=0.5 wt%; the same applies herein- 
after) of 1.80. This polyetheresteramide is referred to as 
[Bl] . 



PRODUCTION EXAMPLE 2 
Into a stainless-steel autoclave having a capacity of 
3 liters were introduced 110 parts by weight of 12-amino- 
dodecanoic acid, 16.3 parts by weight of adipic acid, 
0.3 part by weight of " Irganox 1010," and 7 parts by weight 
of water. After the atmosphere in the autoclave was replaced 
with nitrogen gas, the autoclave was closed and the contents 
were stirred at a temperature of 220 °C and an elevated 
pressure for 4 hours. Thus, 117 parts by weight of a poly- 
amide oligomer having a carboxylic group at each end and 
having an acid value of 107 were obtained. 

To the oligomer were added 225 parts by weight of an 
ethylene oxide adduct of bisphenol A having a number-average 
molecular weight of 2,000 and 0.5 part by weight of zirconyl 
acetate. Polymerization was then conducted at 245 °C and a 
reduced pressure of 1 mmHg or lower for 5 hours to obtain a 
viscous polymer. 

This reaction product was treated in the same manner 
as in Production Example 1 to obtain a polyetheresteramide . 

The polymer obtained had a reduced viscosity of 2.10. 
This polyetheresteramide is referred to as [B2]. 
[Production of Modified Low-molecular Weight Polyolefins 
( Component D ) ] 

PRODUCTION EXAMPLE 3 
A mixture of 95 parts by weight of a low-molecular 
weight polypropylene obtained through thermal degradation and 



- 27 - 



m 
o 

yl 




having a number- average molecular weight of 12,000 and a 
density of 0.89 g/cm 3 and 5 parts by weight of maleic 
anhydride was melted at 180°C in a nitrogen stream. To the 
melt was dropwise added a 50% xylene solution of 1.5 parts by" 
weight of dicumyl peroxide over a period of 15 minutes. The 
reactants were then reacted for 1 hour. After completion of 
the reaction, the solvent was distilled off to obtain an 
acid-modified low-molecular weight polypropylene. 

This modified polymer had an acid value of 25.7 and a 
number -average molecular weight of 15,000. This modification 
product is referred to as [Dl]. 

PRODUCTION EXAMPLE 4 



Into 100 parts by weight of xylene was dissolved 
95 parts by weight of the acid-modified low-molecular weight 
polypropylene obtained in Production Example 3 at 120°C in a 
nitrogen stream. To the solution was dropwise added 5 parts 
by weight of monoethanolamine over a period of 15 minutes . 
The reactants were then reacted for 1 hour. After completion 
of the reaction, the solvent and the monoethanolamine 
remaining unreacted were distilled off to obtain a modified 
low-molecular weight polypropylene having hydroxyl group. 

This modified polymer had a hydroxyl value of 25.2 
and a number-average molecular weight of 16,000. This 
modification product is referred to as [D2]. 

PRODUCTION EXAMPLE 5 
A mixture of 9 5 parts by weight of the acid-modified 
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low-molecular weight polypropylene obtained in Production 
Example 4 and 50 parts by weight of an adduct of 24 moles of 
ethylene oxide to lauryl alcohol was melted at 180°C in a 
nitrogen stream. Esterif ication reaction was then conducted 
at a reduced pressure of 10 mmHg or lower for 5 hours to 
obtain a polyoxyalkylene-modif ied low-molecular weight 
polypropylene . 

This polyoxyalkylene-modif ied polymer had a hydroxyl 
value of 0.5 and a number -average molecular weight of 18,000. 
Upon NMR spectrometry, the esterif ication reaction was 
ascertained to have been carried out quantitatively. This 
modification product is referred to as [D3]. 



US 

E EXAMPLE 1 



1*1 (1) Into a mixture of 8 0 wt% polypropylene having an 

H= 

«p MFR of 0.8 g/10 min, a melting point of 164 °C (DSC peak 

y3 

SJ temperature), and a degree of crystallinity of 67% (manufac- 

tured by Mitsubishi Chemical Corp. ) and 8 wt% high-density 
polyethylene (manufactured by Mitsubishi Chemical Corp.) was 
incorporated 12 wt% calcium carbonate having an average 
particle diameter of 1.5 um. The resulting composition (I) 
was melt-kneaded with an extruder set at 27 0°C, subsequently 
extruded into a film, and then cooled with a cooler to obtain 
an unstretched film. After being heated to 140°C, this film 
was stretched in the machine direction 5 times . 

(2) Using a Henschel mixer, 54 wt% polyetherester- 
amide [Bl] obtained in Production Example 1 was mixed for 3 
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minutes with 18 wt% polyamide resin (UBE Nylon 1013B manufac- 
tured by UBE Industries, Inc.), 18 wt% acid-modified low- 
molecular weight polypropylene [Dl] obtained in Production 
Example 3, and 10 wt% polypropylene having an MFR of 4 g/10 
min (manufactured by Mitsubishi Chemical Corp.). The 
resulting mixture was kneaded with a vented twin-screw 
extruder set at 240°C, extruded into strands with a die, and 
then cut to obtain a master batch [M] in a pellet form. 
q (3) Polypropylene having an MFR of 4 g/10 min, a 

JJJ melting point of 164°C, and a degree of crystallinity of 64% 

(manufactured by Mitsubishi Chemical Corp. ) was mixed in an 
TZ amount of 3 8 wt% with 40 wt% calcium carbonate having an 

^ average particle diameter of 1.2 urn, 5 wt% titanium oxide 

U1 having an average particle diameter of 0.8 \im, and 17 wt% 

M> 

master batch [M], containing a permanent antistatic agent and 
SI obtained in (2) above. The resulting composition (III) was 

melt-kneaded with an extruder and then laminated, using two 
extruders, to both sides of the stretched film having a 
stretching ratio of 5 obtained in (1) above. 

This three-layer laminate was heated to 155 °C, and 
then stretched in the transverse direction 8 times with a 
tenter stretching machine to obtain a stretched film. 
Subsequently, the stretched film was treated with 50 W/m 2 -min 
corona discharge using a discharge device manufactured by 
Kasuga Denki Co., Ltd. to obtain a three-layer stretched 
film . 
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The thicknesses of the individual layers 
((III)/(I)/(III)) of this three-layer stretched film were 2 0 
urn/ 6 0 nm/20 j-im. 

COMPARATIVE EXAMPLE 1 

(1) Into a mixture of 80 wt% polypropylene having an 
MFR of 0.8 g/10 min and a melting point of 164 °C (DSC peak 
temperature) (manufactured by Mitsubishi Chemical Corp.) and 
8 wt% high-density polyethylene (manufactured by Mitsubishi 
Chemical Corp. ) was incorporated 12 wt% calcium carbonate 
having an average particle diameter of 1.5 jim. The resulting 
composition ( I ) was melt-kneaded with an extruder set at 

27 0 °C, subsequently extruded into a film, and then cooled 
with a cooler to obtain an unstretched film. After being 
heated to 14 0°C, this film was stretched in the machine 
direction 5 times . 

(2) Polypropylene having an MFR of 4 g/10 min and a 
melting point of 164 °C (DSC peak temperature) (manufactured 
by Mitsubishi Chemical Corp. ) was mixed in an amount of 55 
wt% with 4 0 wt% calcium carbonate having an average particle 
diameter of 1.2 um and 5 wt% titanium oxide. The resulting 
composition (II) was melt-kneaded with an extruder set at 
270 °C and then laminated, using two extruders, to both sides 
of the stretched film having a stretching ratio of 5 obtained 
in ( 1 ) above . 

This three-layer laminate was heated to 155 °C, and 
then stretched in the transverse direction 8 times with a 



tenter stretching machine to obtain a three-layer stretched 
film . 

Subsequently, the stretched film was treated with 5 0 
W/m z *min corona discharge using a discharge device manufac- 
tured by Kasuga Denki Co., Ltd. Thereafter, water-soluble 
acrylic resin antistatic agent "Suftomer 3200" (manufactured 
by Mitsubishi Chemical Corp.) was applied to the treated 
stretched film in an amount of 0.1 g/m 2 (on a solid basis), 
and then dried . 

The thicknesses of the individual layers (antistatic 
layer/ ( II )/ ( I )/ ( II) ) of the film obtained were 0.1 um/20 
(im/60 um/2 0 urn. 

COMPARATIVE EXAMPLE 2 

(1) Into a mixture of 80 wt% polypropylene having an 
MFR of 0.8 g/10 min and a melting point of 164 °C (DSC peak 
temperature) (manufactured by Mitsubishi Chemical Corp.) and 
8 wt% high -density polyethylene (manufactured by Mitsubishi 
Chemical Corp. ) was incorporated 12 wt% calcium carbonate 
having an average particle diameter of 1.5 um. The resulting 
composition (I) was melt-kneaded with an extruder set at 

270 °C, subsequently extruded into a film, and then cooled 
with a cooler to obtain an unstretched film. After being 
heated to 14 0°C, this film was stretched in the machine 
direction 5 times . 

(2) Polypropylene having an MFR of 4 g/10 min and a 
melting point of 164 °C (DSC peak temperature) (manufactured 



by Mitsubishi Chemical Corp. ) was mixed in an amount of 80 
wt% with 20 wt% master batch [M] , containing a permanent 
antistatic agent and obtained in (2) in Example 1. The 
resulting composition (III) was melt-kneaded with an extruder" 
and then laminated, using two extruders, to both sides of the 
stretched film having a stretching ratio of 5 obtained in (1) 
above . 

This three-layer laminate was heated to 155 °C, and 
then stretched in the transverse direction 8 times with a 
tenter stretching machine to obtain a three-layer stretched 
film . 

The thicknesses of the individual layers ((III)/(I)/- 
(III)) of the film obtained were 20 um/60 pim/20 p.m. 

COMPARATIVE EXAMPLE 3 

Compositions (I) and (III) used in Comparative 
Example 2 were laminated within a die in such a manner that 
composition ( I ) served as the intermediate layer sandwiched 
between two layers of composition (III). The laminate thus 
obtained by coextrusion was cooled with a cooler to obtain an 
unstretched three-layer film. The surface of this film was 
treated with 50 W/m 2 »min corona discharge using a discharge 
device manufactured by Kasuga Denki Co . , Ltd . 

The thicknesses of the individual layers ((III)/(I)/- 
(III)) of the film obtained were 20 um/60 um/20 urn. 

EXAMPLE 2 

A composition (I) obtained by incorporating 12 wt% 



calcium carbonate having an average particle diameter of 1.5 
urn into a mixture of 80 wt% polypropylene having an MFR of 
0.8 g/10 rain and a melting point of 164 °C (DSC peak temper- 
ature) (manufactured by Mitsubishi Chemical Corp.) and 8 wt% 
high-density polyethylene (manufactured by Mitsubishi 
Chemical Corp.) and a composition (IV) consisting of 38 wt% 
polypropylene having an MFR of 4 g/10 min and a melting point 
of 164 °C (DSC peak temperature) (manufactured by Mitsubishi 
y Chemical Corp.), 40 wt% calcium carbonate, 5 wt% titanium 

jjj oxide, and 17 wt% master batch [M] , containing a permanent 

*Jj antistatic agent, were coextruded into a film in such a 

O manner that composition (I) served as the intermediate layer 

E sandwiched between two layers of component (IV). The 

C 

Ul resulting laminate was cooled with a cooler to obtain an 

M> 

£ unstretched three-layer film. 

■S 

SJ Subsequently, this film was heated to 130 °C and then 

stretched in the machine direction 5 times to obtain a 
uniaxially stretched film. 

The surface of this stretched film was subjected to 
flame-plasma treatment (550 kcal ) using flame-plasma treating 
device Type F-3000 (trade name), manufactured by FLYNN Co. 

The thicknesses of the individual layers ((IV)/(I)/- 
(IV)) of the film obtained were 15 Mm/80 um/15 urn. 

EXAMPLE 3 

A uniaxially stretched film was obtained in the same 
manner as in Example 2 . 
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Subsequently, the uniaxially stretched film was 
heated to 155 °C and then stretched in the transverse 
direction 8 times using a tenter stretching machine to obtain 
a three-layer biaxially stretched film. 

The surface of this biaxially stretched film was 
subjected to the same flame-plasma treatment as in Example 2 
to obtain a laminated stretched resin film. 

EXAMPLES 4 AND 5 
Laminated stretched resin films were obtained in the 
same manner as in Example 2, except that composition (IV) 
serving as surface layers was replaced with each of the 
compositions specified in Table 1. 

EXAMPLES 6 TO 8 
Laminated stretched resin films were obtained in the 
same manner as in Example 1, except that composition (III) 
serving as surface layers was replaced with each of the 
compositions specified in Table 2 . 

The above examples and comparative examples and 
associated test data and performance results are summarized 
in Tables 1 and 2 . 
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As described above, the synthetic paper of the 
present invention has excellent permanent antistatic 
properties and offset printability, which properties have not 
been attained with any prior art technique. Therefore, the 
synthetic paper of the present invention is especially useful 
in applications where the synthetic paper is offset prior to 
use, such as, e.g., various wrapping papers, information 
papers, labels, cards, books, and slip papers. 

While the invention has been described in detail and 
with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and 
modifications can be made therein without departing from the 
spirit and scope thereof . 



